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(54) Cellular radio system 

(57) A cellular radio system comprises 
base stations BS and a network controiler 
NC1 and operates so that a base station 
BS1 in two way communication with a 
mobile 1 0 requests base stations BS2 to 
BS7 of a subset of adjacent cells to 
reservesat in the event of handover to a 
base station in one of these cells this can 
be executed quicker than if the reservation 
had not been made. In making the request 
for reservation, the communicating base 
station BS1 passes on details of the call-in- 
progress. Once call has been handed over 
a new subset of adjacent cells is created, 
and channels reserved. 

The reservation of channels also 
permits earlier signal quality measurement 
leading to faster handover. The base 
stations may monitor handover so as to 
generate a statistical database of user's 
mobility habits, the subset of cells may be 
selected as these along a railay track or 
motorway when ft is known that certain 
adjacent cells cannot be entered. 

in the event of failure of a base 
station, those in the subset of cells may be 
direded to attempt to connect with the 
mobile. 



Fig.1 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed forma: cop> 
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DESCRIPTION 



CELLULAR RADIO SYSTEM 



The present invention relates to a cellular radio system, 
particularly but not exclusively, to a system in which the cell 
sizes may be as small as 50m radius o 

A cellular radio system is a radio system which provides 
radio coverage over a large area by using a network of relatively 
short range (Low power) base stations rather than using a single 
long range (high power) base stationo The base stations are 
generally organised in a regular pattern over the area to define 
adjoining cells (typically of between 2 and 20Km radius)o Each 
user equipped with a mobile (which term includes a hand 
portable) transceiver is connected by a radio link to one of 
these base- stations^ When a user is moving around within a cell, 
he will possibly be moving further away from the base station 
through which he is communicating and correspondingly moving 
closer to one or more of the other base stations in adjoining 
cellso If the user moves so far away from the base station that 
he is becoming out of ranqe then the system will reconnect him or 
"Handover" to a base station which he has been approaching. The 
system detects that a user is moving out of range of the base 
station through which he is communicating when the signal quality 
parameters deteriorate- When the system, cont rol ler, termed the 
Mobile Switching Centre (MSC), detects that the signal quality 
parameters have fallen below acceptable Levels it instructs all 
the base stations in the neighbourhood to inform it of the signal 
quality parameters received at that particular base stationo A 
decision (usually based on the signal strength measurements) is 
then made by the MSC as to which adjacent cell should take the 
callo The call handover only takes place if the cell has a free 
channel and that the caller has adequate access authorisation. 
In currently used systems, radio network management functions 
including the call handover control are carried out by the MSC. 
This is a centrally controlled approach and enables the MSC to 
know what type of connection is required by a user together 
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2 PHB33508 

with other information such as charging account, charging rate in 
time units, the user's authorisation and so fortho Finally the 
MSG instructs the original base station to stop transmitting to, 
and receiving from, the mobile and instructs the selected base 
station to begin transmitting and receiving and makes a record of 
the transaction for system administration purposeso In practice 
several handovers are likely to occur especially if a mobile is 
moving in the vicinity of a boundary between two celLso \ 

In order to provide sufficient capacity to cope with an 
increased demand and to make fuller use of the existing spectrum 
allocated for cellular radio systems it is anticipated that the 
future systems will comprise smaller cells, termed microcells, 
which may be as small as 50m radiuSo Each microcell will have 
its own base station and groups of base stations will be managed 
by an associated network controllero By limiting the 
transmitting power of the base stations, more reuse of bands of 
designated radio channels by nearby microcells is possible in a 
given geographical area. However the provision of microcells 
brings with it problems of "handover" due to users passing from 
microcell to microcell very rapidly and their dropping-out due to 
the signal quality decreasing below an acceptable Level in a 
matter of several seconds- This means an adjacent microcell will 
have to provide quickly a replacement radio channel in order to 
maintain call continuity. For microcells managed by the same 
network controller this rapid handover can be achi eved relatively 
easily because it is already acquainted with the call details. 
However when adjacent microcells are managed by different network 
controllers then the call handover from one network controller to 
another network controller requires the interchange of a 
significant amount of data which will impose a Large 
time-critical overhead on the system and perhaps limit the 
maximum speed with which a handover can be madeo 

An object of the present invention is to mitigate these 
problems in handover in mi crocellular radio systems. 

According to a first aspect of the present invention there 
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is provided a cellular radio system comprising a plurality of 
geographically separate base stations distributed so as to define 
a plurality of contiguous radio cells, means for enabling the 
base stations to communicate with each other, at least one 
network controller for controlling a group of the base stations, 
each base station having means permitting two-way communication 
with a mobile present in its cell on a selected one of a 
plurality of radio channels, means, responsive to the 
establishment of two-way communication between a mobile and a 
base station on the selected channel, for requesting the base 
stations of a subset of cells, adjacent to the cell in which the 
mobile is presently in, to reserve a channel :from the plurality 
of channels available to each of the base stations, and means 
responsive to the signal quality parameters of the communications 
between the base station and the mobile becoming unacceptable for 
handing over the mobile to a previously reserved channel in one 
of the subset of the adjacent eel Is » 

According to a second aspect of the present invention there 
is provided a method of operating a cellular radio system 
comprising a plurality of geographically separate base stations 
distributed so as to define a plurality of continuous radio 
cells, means for enabling the base stations to communicate with 
each other and at least one network controller for controlling a 
group of the base stations, wherein when a mobile in one of said 
cells establishes two way communication with the base station of 
said one cell, said base station forms a subset of cells adjacent 
to its own cell by requesting the base stations of said subset of 
cells to reserve a channel in anticipation of handing over the 
communication with the mobile to one of the base stations of the 
subset in response to the siv^nal quality parameters becoming 
unacceptable. 

In an embodiment of the present invention the network 
controller or base station includes means for collating a 
statistical data base of handover traffic to and from each or its 
cell, said means being operative, in response to being requested 
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4 PHB33508 

to reserve a channel^ to take its statistical data base into 
account when making a decision to comply with a ceLL reservation 
requests Said means can also estimate the period of time before 
a handover is requiredo Collating a statistical data base of 
handover traffic enables a more efficient use of the channels 
allocated to each celU If for example it is known that a mobile 
follows a particular route from one cell to the next^ then those 
base stations in the cells of each subset not lying on the 
particular route can assign a low priority to a reservation 
request whilst the cellCs) of each subset lying on the particular 
route can assign a high priority to the reservation requesto By 
being able to estimate the period of time before a handover is 
required, the actual reservation can be deferred until nearer the 
time required/ In the meantime the channel is available to other 
users. 

The present invention will now be described, by way of 
example, with reference to the accompanying drawings^ wherein: 

Figure 1 is a diagram of a portion of a cellular radio 
system, and 

Figure 2 is a diagram illustrating the signalling sequences 
involved in handovero 

Referring to Figure 1, the overall area to be covered by the 
radio system is subdivided into cells by positioning of base 
stations BS at different geographical locations^ For convenience 
of illustration the cells have been shown as identical hexagons 
but in reality the cells will be non-uniform and the size of the 
cells in busy city areas will be smaller than those in rural 
areasc The smallest size of a cell will typically be of the 
order of 50m radiuSo 

The base stations in groups of cells are connected for 
example by land lines to a network controller NC which manages 
the operation of its group of cellSo For the purposes of 
illustration the network controller NC 1 manages the base 
stations BS1 to B$7 and the network controller NC 2 manages BS1 ' 
to BS3'o Although not shown the base stations associated with a 
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particular network controller may be interconnected as rings, 
stars, delta arrangements and/or meshes complete or incompleteo 

Assuming that a mobile 10 is on a journey the route of which 
takes it through the cells having base stations BSI, BS2 and 
BS2'o Whilst in the radio range of BS1 the mobile 10 initiates a 
call by making a request to the base station BSIo As part of 
making the request the mobile sends its own identity, ,the called 
party's identity, and its own authentication codec This 
information is relayed from BS1 to network controller NCI which 
checks details of the caller's service and cell authorisations 
and the caller's account, credit-worthiness and acceptab le 
charging rates from the caller's home location registero Having 
established that this information is satisfactory, the network 
controller NCI instructs the base station to set-up the call and 
the call proceeds on one of the speech channels allocated to 
BS1« Additionally, in anticipation of the mobile 10 moving out 
of its present cell, the NCI passes details of the mobile 10 to 
the base stations BS2 to BS7 of a subset of adjacent cells and in 
response to these details each of the base stations BS2 to BS7 
decides whether or not to reserve a channel from the group 
available to it« As the call continues and the mobile 10 
proceeds to the edge of the cell defined by BS1, the base station 
BSl monitors the signal quality parameters of the signals from 
the mobile 10 and when it is evident that communications are 
degrading beyond an acceptable quality, the network controller 
NCI initiates a handover procedure which, in this example, is to 
base station BS2o As part of the handover process certain 
information, such as call duration, time the cell was entered, 
and time spent in the previous cells is transferredo Because 
other information about the calling party has already been stored 
in the network controller NCI, there is no need to transfer ito 
In consequence the time involved in handing the mobile 10 over 
from BSl to BS2 is reduced and since the base station BS2 has 
already reserved one of its channels the call is transferred with 
the minimum of necessary time critical hand shakingo Network 
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controLLer NC1 then instructs BS1 to stop transmitting to, and 
receiving caLls from, the mobile 10 and in response to this 
instruction, the base station BS1 informs the base stations of 
its subset of cells that it is relinquishing its communication 
with the mobile 10a The base station BS2 creates a new subset of 
cells by informing its neighbouring base stations that it has 
taken over the communication with the mobile lOo In response to 
the signalling by the base stations BSI and BS2, the base ^ 
stations BS4, BS5 and BS6 may decide not to continue with 
reserving a channeU However as part of the operation required 
to form a new subset, the network controller NCI communicates the 
necessary details relating to the mobile 10 to the network 
controller NC2 so that it can inform the base stations BSV, BS2* 
and BS3' of the fact that the base station BS2 is handling the 
call and that they can reserve a channel in view of the 
possibility of the mobile 10 entering one of their cellSo 

In the event, the mobile 10 enters the cell defined by the 
base station BS2' and because of the early registration of the 
mobile's call details with network controller NC2 (or the base 
station BS2') the handover can take place rapidly- 

The concept of alerting base stations of cells adjacent to 
the cell in which a mobile is present has some other beneficial 
featureso For example if a base station should fail while a 
mobile is passing through its cell, the network controller can 
arrange for base stations in the reserved adjacent cells to try 
and take over the call and avoid it being losto 

The foregoing example assumes a certain sharing of the 
management and switching functions between the network 
controllers and the base stationSo However the manner of sharing 
these functions may differ to suit the application of the system 
and/or to suit the hieratical structure of the systemo 

In certain special situations for example where a mobile is 
proceeding along a part of a motorway not having any exits or 
where the user is on a train, the network controllers and/or base 
stations on determining this fact avoid reserving channels in 
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those "adjacent" cells which it is predictable that the user will 
not passa However as the mobile or train may be cruising at a 
relatively high speed, then the network controllers and/or base 
stations may form a subset of cells which are aligned with the 
route to be taken and because of the speed factor more than one 
cell ahead of the path of movement may be reserved so that 
successive handovers can be effected with the minimum of dela/o 

By the system being able to make use of knowledge of the 
direction of travel, it will also be able to warn a user of 
possible anticipated loss of service due to factors such as full 
cells, no cells or access denied^ One method accomplishing this 
is for the forwarded user data to have a "distance from owner" 
tag associated with ito Such a tag would have its value changed 
every time it was forwarded, in anticipation of the forward speed 
being maintained, and have its value changed in the opposite 
sense as the user's time spent in successive cells decreases due 
to the user travelling faster^ The value assigned to the tag 
could then be used to determine whether user and his call details 
have been forwarded by a reasonable amounto The value of the tag 
could also be used to give an indication of the power levels 
required for a base station of an adjacent cell to communicate 
with the user, should the need ariseo 

Figure 2 represents some examples of the signalling involved 
in the system made in accordance with the present inver:tion« The 
broken lines indicate the demarcations between different 
signalling modes, commencing at the top and working downwards, 
the bands 12 to 18 respectively comprise a call set-up mode, a 
channel monitoring mode, a call hand-over mode and a call 
termination modeo Referring to the band 12, a mobile f^B 
transmits a call request (CR) to its local base station BSIo The 
base station BSl then sets-up a virtual circuit with the mobile 
ms which is indicated by the double headed arrow CSUo When the 
circuit is set-up, that is the access rights have been determined 
and the call is connected through the network, the base station 
BSl communicates a data packet OP comprising the call's 
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8 PHB33508 

description and requirement record to its adjacent cells having 
base stations 8S2 to BSno The call set«up procedure is now 
completeo 

As the call continues the channel is monitored^ band 14^ by 
the base stations BS2 to BSn of the adjacent cells sending 
indications of channel availability and measurements of signal 
quality parameters CASQP to base station BS1 o The mobile station 
ms measures the signal quality parameters for the downlink DL^ 
that is the transmissions from a base station^ which the mobile 
station either relays to the base station BS1 or monitors itself 
until such time as handover is deemed to be necessary o This 
process will be repeated on a regular or irregular basis until a 
handover or call termination is requiredo 

Referring to the band 16^ when the base station 8S1 decides 
that a handover is required, it sends a handover request HOR to 
the most suitable adjacent cell which has previously indicated 
that it has a channel available in this example the base station 
BS2„ The destination base station BS2 then acknowledges ACK to 
BS1 that it can accept the calU The base station BS1 then 
transmits handover command signal HOCOM to the base station BS2 
and to the mobile MOBo The call is then re-established REEST 
between the mobile MOB and the base station BS2o The BS2 then 
sends data packets DP to the base stations of those cells which 
form the neighbours to the cell in which the mobile MOB is 
presento In the case of the base station BS1^ to reduce the 
information flow only an update data packet DPUP is sent by BS2 
to ito Once the handover is complete BS1 transmits a call gone 
message CG to its original neighbouring cellSo The system then 
reverts to its channel monitoring modeo 

In the call termination mode 18^ a call termination request 
TERl^ is issued by either the mobile ms or the base station 
involved^ in this example BS2^ as a result of either party 
terminating the calU The recipient of the terminate request 
TERM acknowledges ACK the request and vacates the speech 
channel. The base station BS2 then informs the base stations of 
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its subset of neighbouring cells that the call has been 
terminated CTERM/ and that the network connection can be cleared 
down and that any reserved radio channels associated with that 
call can be releasedo Finally the caller is billed. 

Distributing data in advance of handover to cells which are 
adjacent to the one in which the mobile is present has a number 
of other benefits besides facilitating a smooth handover. These 
other benefits include the instigation of signal quality 
parameters measurements at the earliest possible moment so that 
the system can be ready sooner for handovero Access 
rights between base stations can be established in advancso Base 
stations can monitor handover traffic from adjacent cells to 
collate a statistical data base of handover traffic flow to and 
from adjacent cells and user's mobility habits, With this 
knowledge, the base station can estimate the proportion of users 
likely to require handover from particular neighbours and the 
likely delay before the associated handover request is made. 
Using such information the base station can maintain and modify a 
pool of channels which are reserved against allocation to new 
calls in order that the system can cope with existing calls which 
it is anticipated will be transferred from one cell to the next. 
The network controller or base station can warn current users of 
an impending loss of service due to adjacent cells being full^ 
cells which are temporarily out of use due to a fault in a base 
station or there are no adjacent cells in the estimated direction 
of travel. In the event of a base station failing^, then those 
calls which have channels already reserved for their use in 
adjacent cells may have some chance of being recovered and 
continued. The call history in a call data packet will allow the 
network controller or base station to note a user moving rapidly 
through a succession of cells and if necessary to adjust the 
processing priorities. 

From reading the present disclosure^ other modifications 
will be apparent to persons skilled in the art. Such 
modifications may involve other features which are already known 
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in the design, manufacture and use of ceLLuLar radio systems and 
component parts thereof and which may be used instead of or in 
addition to features already described herein. Although claims 
have been formulated in this application to particular 
combinations of features, it should be understood that the scope 
of the disclosure of the present application also includes any 
novel feature or any novel combination of features disclosed 
herein either explicitly or implicitly or any generali safion 
thereof, whether or not it relates to the same invention as 
presently claimed in any claim and whether or not it mitigates 
any or all of the same technical problems as does the present 
invention. The applicants hereby give notice that new claims may 
be formulated to such features and/or combinations of such 
features during the prosecution of the present application or of 
any further application derived therefrom. 
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CLAIM(S) 

1o A ceLLuLar radio system comprising a pLuraLity of 
geographically separate base stations distributed so as to define 
a plurality of contiguous radio cells, means for enabling the 
base stations to communicate with each other^ at least one 
network controller for controlling a group of the base stations, 
each base station having means permitting two-way communication 
with a mobile present in its cell on a selected one of a 
plurality of radio channels, means responsive to the 
establishment of two-way communication between a mobile and a 
base station on the selected channel, for requesting the base 
stations of a subset of cells, adjacent to the cell in which the 
mobile is presently in, to reserve a channel from the plurality 
of channels available to each of the base stations, and means 
responsive to the signal quality parameters of the communications 
between the base station and the mobile becoming unacceptable for 
handing over the mobi le to a previously reserved channel in one 
of the subset of the adjacent cells, 

2. A system as claimed in Claim 1, wherein the base station 
handing over the mobile comprises means for informing the base 
stations of the cells comprising its subset of adjacent cells 
that it is relinquishing communication with the mobile*. 

3o A system as claimed in Claim 1 or 2, wherein a base 
station has means, responsive to taking-over a call, for 
informing the base stations in its neighbouring cells of this 
fact and to request them to reserve a channeU 

4t. A system as claimed in Claim 1, 2 or 3, wherein the 
network controller or base station comprises means for 
building-up a call history of a mobile and, in response to 
determining that a mobile is moving along a predictable route, 
for forming subsets of cells aligned with said route* 

5o A system as claimed in any one of Claims 1 to 4, wherein 
the network controller or base station has means for requesting 
at least one base station of the subset of the adjacent cells to 
take-over the communication with the mobile in the event of 
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failing of the base station in the cell in which the mobile is 
presenta 

6o A system as claimed in any one of Claims 1 to 5^ wherein 
the base stations of said subset of the adjacent cells have means 
for monitoring the signal quality parameters of the communication 
between the base station of the cell in which the mobile is 
present and the mobileo 

7„ A system as claimed in any one of Claims 1 to 6, i^jherein 
a network controller includes means for collating a statistical 
data base of handover traffic to and from respective cells which 
are controlled by the network controller and for taking the 
statistical data base into account when making a decision to 
comply with a cell reservation requesto 

8o A system as claimed in Claim 7, wherein the network 
controller further comprises means for estimating the period of 
time before a handover is requiredo 

9o A system as claimed in any one of Claims 1 to 6^ wherein 
each base station includes means for collating a statistical data 
base of handover traffic to and from itself^ said means being 
operative, in response to being requested to reserve a channel, 
to take its statistical data base into account when making a 
decision to comply with a cell reservation requests 

lOo A system as claimed in Claim 9, wherein each base 
station further comprises means for estimating the period of time 
before a handover is required.. 

11 o A method of operating a cellular radio system comprising 
a plurality of geographically separate base stations distributed 
so as to define a plurality of continuous radio cells, means for 
enabling the base stations to communicate with each other and at 
least one network controller for controlling a group of the base 
stations, wherein when a mobile in one of said cells establishes 
two way communication with the base station of said one cell, 
said base station forms a subset of cells adjacent to its own 
cell by requesting the base stations of said subset of cells to 
reserve a channel in anticipation of handing over the. 



• 



13 



PHB33508 



communication with the mobile to one of the base stations of the 
subset in response to the signal quality parameters becoming 
unacceptableo 

12o A method as claimed in Claim 11^ wherein on handover, 
the base station taking over the communication with the mobile 
forms its own subset of adjacent eel Is □ 

13o A method as claimed in Claim 11 or 12, wherein the base 
station with which the mobile was previously communicating 
transmits at least to the base stations of its subset a message 
informing them that it is relinquishing the calU 

1Ao A method as claimed in Claimed in Claim 11, 12 or 13, 
wherein the network controller or base station builds up a call 
history of a mobile and, on determining that a mobile is moving 
along a predictable route, instructs the formation of subsets of 
cells aligned with said routeo 

15o A method as claimed in any one of Claims 11 to 14, 
wherein in the event of failing of the base station in the cell 
in which the mobile is present, the network controller requests 
at least one base station of the subset of the adjacent cells to 
take-over the communication with the mobilCo 

16« A method as claimed in any one of Claims 11 to 15, 
wherein the base stations of the subset of the adjacent cells 
monitor the signal quality parameters of the communications 
between the base station of the cell in which the mobile is 
present and the mobileo 

17o A method as claimed in any one of Claims 1 1 to 16, 
wherein a network controller collates a statistical data base of 
handover traffic to and from the respective cells which are 
controlled by the network controller and wherein it takes the 
statistical data base into account when making a decision to 
comply with a cell reservation requesto 

18o A method as claimed in Claim 17, wherein the network 
controller estimates the period of time before a handover is 
requiredo 

19o A method as claimed in any one of Claims 11 to 16, 
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wherein each base station coLLates a statistical data base of 
handover traffic to and from itself and in response to being 
requested to reserve a channel, takes its statistical data base 
into account when making a decision to comply with a cell 
reservation request. 

20. A system as claimed in Claim 19, wherein each base 
station estimates the period of time before a handover is 
requi red. 

21. A cellular radio system substantially as hereinbefore 
described with reference to the accompanying drawings. 

22. A method of operating a cellular radio system 
substantially as hereinbefore described. 
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